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(54) Plasma cleaning process for openings forined in one or more low dielectric constant 
insulation layers over copper metallization Integrated circuit structures 



(57) A process is provided for removing etch resi- 
dues from one or more openings formed in one or more 
layers of a low dielectric constant insulation material 
over a copper metal interconnect layer of an integrated 
circuit structure which includes cleaning exposed por- 
tions of the surface of the copper interconnect layer at 
the bottom of the one or more openings, the process 
comprising providing an anisotropic hydrogen plasma to 
cause a chemical reaction between ions in the plasma 
and the etch residues in the bottom of the one or more 
opening, including copper oxide on the exposed copper 
surface, to thereby clean the exposed portions of the 
copper surface, and to remove the etch residues without 
sputtering the copper at the Ixjttom of the opening. 



FORMIMQ WITH A RESIST MASK ONE OR 
MORE OPEhMh«3S THROUGH ONE OR 
MORE LAYERS OF A LOW DIELECTHIC 
CONSTANT INSULATION MATERIAL TO AN 
UNDERLYING COPPER INTERCONNECT LAYER 
OF AN INTEGRATED QRCUIT STRUCTURE 
ON A SEMICONDUCTOR SUBSTRATE 
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REMOVING THE RESIST MASK AFTER 
FORMATION OF THE ONE OR MORE 
OPe^NGS THROUGH THE ONE OR 
MORE LAYERS OF LOW DIELECTRIC 
CONSTANT INSULATION MATERIAL 







TREATING THE STRUCTURE WITH AN 
ANISOTROPIC HYDROGEN PLASMA, 
WHILE BIASING THE SUBSTRATE. 
TO REMOVE ETCH RESIDUES FROM 
THE ONE OR MORE OPENINGS IN 
THE ONE OR MORE LAYERS OF LOW 
DIELECTRIC CONSTANT INSULATION 
MATERIAL. INCLUDING REMOVAL OF 
COPPER OXIDE FORMED BY REAT10N OF 
COPPER WITH MATERIALS USED 
TO REMOVE THE RESIST MASK 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 5 

[0001] This invention relates to integrated circuit 
structures. More particularly, this invention relates to a 
process for cleaning etch residues, including copper 
oxides, from openings formed through one or more lay- io 
ers of low dielectric constant materials formed over cop- 
per metallization. 

g DescripHon of the Related Art 

15 

[0002] In the construction of integrated circuit struc- 
tures, dielectric materieds such as silicon oxide (SiOa) 
have been conventionally used to electrically separate 
arxi isolate or insulate conductive elements of the inte- 
grated circuit structure from one another. However, as so 
the spacing between such conductive elements in the 
integrated circuit structure have fc>6Come smaller and 
smaller, the capacitance between such conductive ele- 
ments through the silicon oxide dielectric has become of 
increasing concern. Such capacitance has a negative 2S 
influence on the overall performance of the integrated 
circuit structure in a numt>er of ways, including its effect 
on speed of the circuitry and cross-coupling (crosstalk] 
between adjacent conductive elements. 
[0003] Because of this ever increasing problem of so 
capacitance between adjacent conductive elements 
separated by silicon oxide insulation, as the scale of 
integrated circuit structures continues to reduce, the 
use of other insulation materials having lower dielectric 
constants than conventional silicon oxide (Si02) has 3S 
been proposed. One such class of material is an organo 
silicon oxide material wherein at least a portion of the 
oxygen atoms bonded to the silicon atoms are replaced 
by one or more organic groups such as, for example, an 
alKyl group such as a methyl (CH3-) group. Such organo 4C 
silicon oxide dielectric materials have dielectric con- 
stants varying from atxxjt 2.4 to atx)ut 3.5 arxj are, 
therefore, of great interest as low dielectric constant 
sut>stitutes for the conventional silicon oxide (Si02) 
insulation material. 4i 
[0004] While the substitution of one or more organic 
groups for some of the oxygen atoms bonded to the sil- 
icon atoms in a silicon oxide insulation material has a 
beneficial effect in the lowering of the dielectric constant 
of the organo silicon oxide material, therefore lowering s 
the capacitance t>etween conductive elements sepa- 
rated by such dielectric material, it has been found that 
the tx>nd formed between the silicon atoms and the 
organic radicals is not as stable as the sDicon-oxygen 
bond found in conventional silicon oxide (SiO^ materi- t 
als. 

[0005] In particular, for exanrple. when the surface 
of such a low dielectric constant organo silicon oxide 



insulation layer is exposed to oxidizing or "ashing* sys- 
tems, which are used to remove a photoresist mask 
from the low dielectric constant organo silicon oxide 
insulation layer, after formation of openings therein, it 
has been found that the asNng process resuHs in dam- 
age to the bonds (severance) between the organic rcKfi- 
cals and the silicon atoms adjacent the surfaces of the 
low dielectric constant organo silicon oxide insulation 
layer exposed to such an ashing treatment TTtis sever- 
ance of the orgarw-silicon tx^rxls. in turn, results in 
removal of such organic materials formerly tx>nded to 
the silicon atoms along with the organic photoresist 
materials k>eing removed from the integrated circuit 
structure. The silicon atoms from which the organic rad- 
icals have l^en severed, and which are left in the dam- 
aged surface of the low dielectric constant orgarv) 
silicon oxide insulation layer, have dangling bonds 
which are very reactive and become water absorption 
sites if and when the damaged surface is exposed to 
moisture. 

[0006] In copending U.S. Patent Application Docket 
No C3-4302. entitled "PROCESS FOR TREATING 
DAMAGED SURFACES OF LOW DIEl^CTRIC CON- 
STANT ORGANO SILICON OXIDE INSULATION 
MATERIAL TO INHIBIT MOISTURE ABSORPTION", 
which was filed by two of us with another on the same 
day as this application, and is assigned to the assignee 
of this application, it is proposed to treat such damaged 
sidewalls with either a hydrogen plasma or a nitrogen 
plasma. Such a treatment with a hydrogen or nitrogen 
plasma causes the hydrogen or nitrogen to bond to siO- 
oon atoms with dangling txxxJs left in the damaged sur- 
face of the low dielectric constant organo silicon oxkte 
insulation layer to replace organo material severed from 
such silicon atoms at the damaged surface. Absorption 
of moisture in the damaged surface of the lew dielectric 
constant organo silicon oxide insulation layer, by txxnd- 
ing of such silicon with nnoisture. is theret>y inhikMted. 
[0007] However, this prok3lem of potential damage 
to the low dielectric constant organo silicon oxide insu- 
lation layer is exacert>ated when copper is present as 
the metal interconnect below the via or opening 
because the etchants used to form the openings, and/or 
the chemical cleaning treatments used to either dean 
away the etch residues or remove the resist mask may 
also react with any exposed copper surfaces to form 
copper oxides which must be removed from the opening 
(via) prior to filling the opening with electricaQy conduc- 
tive materials. Copper is sometimes used as the metal 
) interconnect material (and is therefore present at the 
bottom of the via) because it is a superior electrical con- 
ductor to other metals such as aluminum, tungsten, or 
titanium commonly used as interconnect material in 
integrated circuit structures. Furthermore, the same 
5 desire for faster circuitry which results in the use of low 
dielectric constant insulation material (to mitigate 
speed-reducing capacitance) also gives rise to the use 
of copper as the interconnect metal so the presence of 
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both copper and low dielectric constant insulation mate- 
rial in the same integrated circuit structures must t>e 
reckoned with. 

[0008] In the past argon plasmas have been used 
to remove etch residues in openings formed in conven- s 
tional insulation materials sudi as silicon osdde (Si02) 
over non-copper metal interconnects. However, the use 
of argon as a cleaning gas may also result In undesira- 
ble sputtering of the urxjeriying copper metal exposed 
by the opening. This, in turn, may result in the deposi- io 
tion of such sputtered copper on the low k insulation 
sidewalls of the via. Since copper is known to migrate 
into the insulation material (unlike other metals), such 
deposition of copper onto the sidewalls of the via must 
t>e avoided. It was recently proposed by one of us in is 
Zhao et al. U.S. Patent Na 5,660.682, assigned to the 
assignee of this invention, to use a mixture of hydrogen 
and argon gases for removing etch residues in place of 
the conventional argon plasma,' txit the potential for 
sputtering of copper by the argon in the argon hydrogen 20 
mixture still remains. 

[0009] ft would, therefore, be desirable to provide a 
process for cleaning openings such as vias. trenches, 
etc., formed in low dielectric constant insulation material 
to remove etch residues, as well as to remove copper 25 
oxide residues in such openings, without sputtering 
copper onto the exposed surfaces of the low dielectric 
constant insulation material. 



SUMMARY OF THE INVENTION 
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[0010] In accordance wfth the invention, a process 
is provkjed for removing etch residues from one or more 
operungs formed in one or more layers of a low dielec- 
tric constant insulation material over a copper metal 3S 
interconnect layer of an integrated circuit structure 
which includes cleaning exposed portions of the surface 
of the copper interconnect layer at the txrtlom of the one 
or more openings, the process comprising providing an 
anisotropic hydrogen plasma to cause a chemical reac- 40 
tion between ions in the plasma and the etch residues in 
the bottom of the one or more openings, including cop- 
per Qxkie on the exposed copper surface, to therekiy 
clean the exposed portions of the copper surface, and 
to remove the etch reskiues without sputtering the cop- 45 
per at the bottom of the opening. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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Figure 1 is a flowsheet illustrating the preferred 
entxxiiment of the invention. 

Figure 2 is a fragmentary vertical cross-sectional 
view of an integrated circuit structure showing a 
resist mask used to form an opening formed in a 
single layer of low dielectric constant material over 



55 



a copper interconnect layer of an integrated circuit 
structure. 

Figure 3 is a fragmentary vertical cross-sectional 
view of the structure of Figure 2 after removal of the 
resist mask. 

Figure 4 is a fragmentary vertical cross-sectional 
view of the structure of Figure 3 showing etch resi- 
dues, including copper oxide reskiues, being 
removed by an anisotropic etch using a hydrogen 
plasma. 

Figure 5 is a fragmentary vertical cross-sectional 
view of another integrated circuit structure showing 
a first resist mask used to form an opening in a sili- 
con nitrkle etch stop layer formed over a first layer 
of tow dielectric constant material over a copper 
interconnect layer of an integrated circuit structure. 

Figure 6 is a fragmentary vertical cross-sectional 
view of the structure of Figure 5 after removal of the 
first resist mask showing a second layer of low die- 
lectric constant material formed over the sDioon 
nitride etch stop layer arvj a second resist mask 
formed over the second layer of low dielectric con- 
stant material. 

Figure 7 is a fragmentary vertical cross-sectional 
view of the structure of Figure 6 after etching of 
openings through bcAh the first and second layers of 
low dielectric constant material and removal of the 
second resist mask. 

Rgure 8 is a fragmentary vertical cross-sectional 
view of the structure of Figure 7 showing etch resi- 
dues, including copper oxide reskfues. being 
removed by an anisotropic etch using a hydrogen 
plasma. 

DETAILED DESCRIPTION OF THE INVENTION 

[0012] The invention comprises a process for 
removing etch residues from one or more openings 
formed in one or more layers of a low dielectric constant 
insulation material over a copper metal interconnect 
layer of an integrated circuit structure which comprises 
provkfing an anisotropic plasma to cause a chemfoal 
reaction between ions in the plasma and the etch resi- 
dues, including copper oxkle. in the opening to thereby 
remove the etch reskju^ without sputtering the copper 
at the bottom of the opening. 

a The Embodiment of Figures 2-4 

[0013] Turning now to Figures 2-4, the process of 
the inventfon is iUustrated in its simplest form wherein a 
via is etched through a single layer of tow dielectric con- 
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stant insulation material formed over a copper ntetal 
interconnect and the resulting etch residues, remaining 
from the formation of the via and the removal of the 
resist mask, are removed without sputtering of the 
underlying copper metal. 

[0014] Figure 2 shows a semiconductor sut>strate 
2. such as a silicon substrate, having integrated circuit 
structure such as transistors (not shown) formed therein 
with a first insulation layer 10 formed thereon and a cop- 
per interconnect layer 20 formed over first insulation 
layer 10. First insulation layer 10 (which forms no part of 
the present invention) may comprise a conventional sili- 
con GKide (Si02) insulation material or it may comprise 
a low dielectric constant insulation material. Copper 
interconnect layer 20 comprises a converrtional pat- 
terned layer of copper which serves as the first wiring 
level of the integrated circuit structure and is selectively 
connected to various contacts on the siA)6trate by con- 
tact openings (not shown) formed through first insula- 
tion layer 10. 

[001 5] Formed over copper interconnect layer 20 is 
a layer 30 of low dielectric constant (low 1^ insulation 
material. By use of the term "low dielectric constant 
insulation materiar is meant an insulation material hav- 
ing a dielectric constant below about 4.0. and preferably 
below about 3.5. Over lew k insulation layer 30 is formed 
a thin protective layer 40 of a material such as silicon 
nitride which will serve to protect low k insulation layer 
30 during suk^sequent renrx>val of resist mask 50 which 
is formed over protective capping layer 40. Protective 
layer 40. which will hereinafter be referred to as silicon 
nitride layer 40. may range in thickness from atx)ut 15 
nm to about 300 nm. Resist mask 50 is formed with one 
or more openings therein, illustrated by opening 54 in 
Figure 2, through which low k insulation layer 30 (arxl 
silicon nitride layer 40 thereon) are etched to form via 34 
shown in Figure 2. Silicon nitrkle layer 40 may typk^ally 
t>e etched through mask opening 54 using a CHF3 and 
O2 plasma, while low k insulation layer 30 may be 
etched with a silicon oxide etchant system such as a 
CF4 and H2 plasma or a CF4. C4F8. and argon plasma. 
[0016] As shown in Figure 2. the etching of low k 
insulation layer 30 to form via 34 can result in the forma- 
tion of some etch residues 36 in via 34 over the copper 
surface of the underiying copper interconnect layer. Fur- 
thermore, as shown in Figure 3. the sut>sequent 
removal of resist mask 50 may result in further etch res- 
idues 38 in via 34 which may include copper oxkle 
formed over the exposed copper surface in the bottom 
of via 34 during the removal of resist mask 50 by reac- 
tion of the resist removal chemicals with such exposed 
portions of copper interconnect layer 20 at the bottom of 
via 34. In any event, the exposed copper surface in the 
bottom of via 34 must be cleaned to remove such mate- 
rials, including the copper oxkJe. prior to filling via 34 
with metal to ensure formation of a good ohmic contact 
between copper interconnect layer 20 av6 the metal 
used to fill via 34. 



[0017] Conventionally, when the urxjertying metal 
interconnect layer was cdunvnum or some other metal 
(other than copper), the metal surface was cleaned^ to 
renx)ve such etch residues and metal oxides, using an 
5 argon plasma. However, such an argon plasma can also 
result in the sputtering of some of the exposed metal at 
the kxmom of the via. When this sputtered metal is cop- 
per, the resulting redeposition of the sputtered copper 
onto the via sidewalls can have deleterious effects 
10 t>ecause the copper atoms, unlike many other metals 
conventionally used in the construction of integrated cir- 
cuit structures, v/ill diffuse or migrate into the walls of 
the insulation material. Thus, it is important that such 
sputtering of copper be repressed or elinrunated. 

IS 

b. The Hvdrooen Plasma Cleaning Step 

[0018] In accordance with the inventton, the 
exposed copper surfaces at the bottom of via 34 are 
20 cleaned to remove oxides and etch reskfues. including 
copper oxide residues, from via 34 by use of a hydrogen 
plasma wherein the hydrogen in the plasma will chemi- 
cally react with the etch resklues. Including the copper 
oxide, rather than sputter the underiying copper. To 
25 dean the copper with such a hydrogen plasnr«, sub- 
strate 2 is placed in a high vacuum chamt>er wtiere it is 
maintained at a pressure ranging from about 0.1 m9- 
liTon to about 10 nriltiTorr, typtoally about 0.5 milUTorr, 
and at a tenperature ranging from about room temper- 
30 ature (20''C) up to akx>ut 300*'C. and typk:ally about 
150**C. As shown at 6 in Figure 4. a negative rf bias is 
applied to substrate 2 which may range from about -200 
volts up to -400 volts, and typically will k>e about -300 
volts. This negative bias is conveniently applied to sut>- 
35 strate 2 through the substrate support (not shown) uQon 
which sutDstrate 2 rests in the vacuum cfiamt>er. This 
sut>strate bias is very important to ensure that the 
hydrogen atoms in the plasma reach the bottom of via 
34. rather than tx>mbard the sidewalls of via 34. That is. 
40 to ensure that the flow of hydrogen atoms in the via is 
anisotropic. This is inportant since the etch residues, 
and the copper interconnect surface to be cleaned, are 
at the txTttom of via 34. 

[001 9] Hydrogen gas is then flowed into the cham- 
45 ber, at a flow rate equivalent to a flow of from about 1 
standard cubic centimeter per minute (seem) to atxnit 
1 00 seem into a 5 liter vacuum chamber and the plasma 
is then ignited and maintained kiy a separate conven- 
tional plasma power source wfuch may be maintained at 
so a power ranging from about 20 watts to about 400 watts, 
typically about 300 watts. A small amount of nitrogen 
gas. e.g., etooxA 100 socm may also be initially fk)wed 
into the vacuum chamber to facilitate ignition of the 
plasma, txit this flow of nitrogen is then shut off as soon 
55 as the plasma is ignited. The substrate is exposed to the 
plasma for a perkxl of time sufficient to remove any 
remaining etch residues 36, as well as copper oxkfe 
residues 38. from the exposed portbn of copper inter- 
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connect layer 20 at the bottom of via 34. Usually the 
cleaning time will range from about 5 seconds to about 
5 minutes, and typically wiD be akxHJt 1 minute. 
[0020] After the cleaning step is completed, the 
cleaned sul>strate may be moved, pref erak)ly under vac- s 
uum, to a physical vapor deposition (PVD) chamber 
where conventional processing is then carried out to 
form a via liner and then to fill the lined via with copper. 
For example, a via liner material such as. for exanrple. 
tantalum metal or tantalum nitride may be sputtered io 
over the sidewall surfaces of via 34, as well as the 
exposed portion of copper interconnect layer 20 at the 
kxmom of via 34. The v^ may then be filled with copper 
using any conventioncd fflOng method. For example, a 
copper seed layer may be sputtered over the finer mate- is 
rial in the via and copper may then t>e plated over the 
seed layer. 

c. OoHonai Repair of Damaged Sidewalls of Via Prior to 
Cleaninp so 

[0021] It should be noted that after formation of via 
34 and after removal of resist mask 50. but prior to the 
cleaning process of this invention, any via sidewall dam- 
age to the low k insulation material which may have 2S 
been caused either by the via etch or by the removal of 
the resist mask may be repaired by exposing the unbi- 
ased sut>strate to a hydrogen plasma whereby the 
hydrogen in the plasma will contact arxi react with the 
damaged low k material, as described and claimed in 30 
the aforementioned copending U.S. Patent Application 
Docket No. C3-4302. entitled "PROCESS FOR TREAT- 
ING DAMAGED SURFACES OF LOW DIELECTRIC 
CONSTANT ORGANO SILICON OXIDE INSULATION 
MATERIAL TO INHIBIT MOISTURE ABSORPTION". 35 
This repair step wouU normally be carried out if the 
above described optional passivation step had not been 
carried out prior to the photoresist mask removal, or if 
the passivation step which had been carried out prior to 
the photoresist mask removal dkl not result in suff k^ient 40 
protectton to the via sklewall during the photoresist 
mask removal. 

d. Th^ Enrtbodiment of Fiq\ir^ ^ 

[0022] Turning now to Rgures 5-8. the invention will 
be described with respect to its use with a dual layer or 
"dual damascene" type of structure. In this second 
erhbodiment illustrated in Figures 5-8, wherein like ele- 
ments are labeled with the same numerals, after forma- 
tion of resist mask 50. with representative opening 54 
therein, an opening 44 is etched through silicon nitrkie 
layer 40. which will permit silicon nitrkie layer 40 to act 
as a mask as will be described below. However, first low 
k insulation layer is not etched through opening 54 in ss 
mask 50 and opening 44 in silicon nitride layer 40. 
Rather, resist mask 50 is then removed, followed by 
deposition of a second low k insulation layer 60 over sil- 
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icon nitride mask 40 and the exposed portion of under- 
lying low k insulation layer 30 through opening 44. as 
shown in Figure 6. 

[0023] A capping layer 70. which nr>ay be formed of 
the same material and of the same thickness range as 
silicon nitride layer 40. is then be formed over second 
low k insulation layer 60 to protect the upper surface of 
low k insulation layer 60 from the chemicals which will 
be suk>sequently used to remove a further resist mask. 
Second resist mask 80, having a representative mask 
opening 84 Shown therein In Figure 6, is then formed 
over silicon nitride capping layer 70. 
[0024] The portion of silicon nitride capping layer 70 
which is exposed through mask opening 84 is then 
etched through. Following this, exposed portion of sec- 
ond low k insulation layer 60 is then etched through 
opening 84 in resist mask 80 down to silicon nitrkie 
mask layer 40. and then the exposed portion of underly- 
ing low k insulatbn layer 30 is etched (during the same 
etch step and with the same etchant system) through 
previously formed opening 44 in silicon nitrkie mask 
layer 40. In this instance, low k insulatk>n layers 60 and 
30 are etched with a silicon oxide etchant system such 
as a CF4. C4Fe. arxl argon plasrr^ which is selective to 
silicon nitride, i.e. an etchant system which will etch the 
low k insulation material in preference to etching silicon 
nitride. 

[0025] It will be noted that opening 84 in second 
resist mask 80 is much wider that opening 54 in the now 
removed resist mask 50. This is because the opening 
formed in second tow k layer 60 through mask opening 
84 comprises a part of a french network formed in sec- 
ond low k layer 60 through mask opening 84 represent- 
ing the copper interconnect which will be formed in this 
trench network, while opening 44 In silicon nitride mask 
40 represent the via which is formed through first low k 
insulation layer 30 to connect the copper interconnect 
formed in the trench network to be formed in low k layer 
60 with copper interconnect layer 20 beneath low k layer 
30. 

[0026] Resist mask 80 is then removed, leaving 
etch residues and copper oxide 38\ as shown in Figure 
7. on the portfon of copper interconnect layer 20 
exposed by the newly formed trench 64 and via 34. In 
accordance with the invention, such resklues are 
renrx>ved from the trenches by exposure to the previ- 
ously described hydrogen plasma cleaning step, as 
illustrated in Figure 8. with sut^strate 2 again shown 
8uk>ject to a negative rf fcxas to ensure the anisotropic 
flow of the hydrogen plasma atoms to the bottom of the 
frerK:hes. rather than toward the french sidewalls. The 
result, as also shown in Figure 8. is a clean opening 
comprising trenches and vias which are ready to be 
lined with a metal or conductive metal compound and 
then filled with copper, as in the previously descrik>ed 
embodiment. 
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e. Example 

[0027] To further illustrate the process of the inven- 
tion, two identical silicon substrates can be constructed 
with low klayers 30 and 60 thereon as a part of the inte- s 
grated circuit structure shown in Rgure 7, i.e.. with iden- 
tical trenches and vias formed in identical layers of the 
respective structures. One of the structures may then 
be subjected to a conventional argon plasma dean, 
while the other structure is subjected to the hydrogen to 
plasnoa dean process of the invention. Both of the struc- 
tures would then be subjected to the same metal filling 
and other processing steps to fill the respective 
trenches and vias in t>oth structures with the same con- 
ductive materials, indudtng further heating steps, tf both is 
structures are then vertically sectioned to expose the 
low k insulation material adjacent the sidewalls of the 
trenches and vias, it will be found that copper atoms, 
apparently sputtered by the argon cleaning plasma arxl 
then redeposrted onto the sidewalls of the trenches arxj 20 
vias. have migrated into the low k insulation material. In 
contrast, in the structure deaned by the hydrogen 
deaning plasma of the inverrtion, the low k insulation 
material adjacent the sidewalls of the trenches and vias 
would be fourxl to be free of copper atoms, indicating 2S 
that the hydrogen cleaning plasma of the invention did 
not sputter copper atoms, and therefore there was no 
redeposition of copper atoms onto the sidewalls of the 
trenches and vias to migrate into the lew k insulation 
material. 30 
[0028] Thus the invention provides a process 
whereby etch residues from openings formed in layers 
of a k)w dielectric constant insulation material over a 
copper metal interconnect layer of an integrated drcu'rt 
structure can be removed, and exposed portions of the 35 
surface of the copper interconnect layer at the bottom of 
the openings may be cleaned using an anisotropic 
hydrogen plasma which causes a chentical reaction 
between ions in the plasma and the etch residues In the 
bottom of the one or more opening, including copper 40 
oxide on the exposed copper surface. Exposed portions 
of the copper surface will therefore be deaned, and the 
etch residues will be removed without sputtering the 
copper at the bottom of the opening, whereby copper is 
not redeposited on the sidewall surfaces of the low k 4S 
insulation matericd. 

Claims 

1. A process for removing etch residues from one or so 
more openings formed in one or more layers of a 
low dielectric constant insulation material over a 
copper metal interconnect layer of an integrated dr- 
curt structure t>eing formed on a semiconductor 
suk>strate which includes deaning exposed portions ss 
of the surface of saki copper interconnect layer at 
the t>ottom of said one or more openings. sakJ proc- 
ess comprising providing a plasma to thereby 



10 

remove said etch residues and to dean said 
exposed portions of said copper surface without 
causing copper to deposit on the skle walls of said 
one more openings formed in sakj one or more lay- 
ers of said dielectric constant insulation matericd. 

2. The process of daim 1 wherein saki step of provid- 
ing a plasma to thereby remove etch rescues and 
to dean sakJ exposed portions of said copper sur- 
face without causing copper to deposit in the side 
walls of sakj one more openings further comprises 
providing a plasma capable of deaning said 
exposed portions of sakJ copper surteoe and 
removing said etch residues without sputtering the 
copper at the bottom of sakj one or more openings 
formed in sakJ one or more layers of saki low dielec- 
tric constant insulation material. 

3. The process of daim 1 wherein said step of provid- 
ing a plasma to thereby remove etch resklues and 
to clean saki exposed portions of saki copper sur- 
face without causing copper to deposit in the skle 
walls of saki one more openings formed nn saki one 
or more layers of said low dielectrk: constant insula- 
tion material further comprises providing a hydro- 
gen plasma 

4. The process of daim 3 wherein sakJ step of provid- 
ing a hydrogen plasma to thereby remove etch res- 
cues and to dean saki exposed portions of said 
copper surface without causing copper to deposit in 
the skJe walls of said one more openings formed in 
saki one or more layers of saki low dielectric con- 
stant insulation material further comprises provid- 
ing an anisotropic hydrogen plasma. 

5. The process of da'im 4 wherein sakJ step of provid- 
ing an anisotropic hydrogen plasma to thereby 
remove ^ch resklues and to dean saki exposed 
portions of said copper surface without causing 
copper to deposit in the skle walls of saki one more 
openings formed in saki one or more layers of saki 
k3w dielectric constant insulatfon material further 
comprises applying a bias to said sut>strate to 
assist said anisotropic hydrogen plasma in reach- 
ing the bottom of said one or more openings adja- 
cent saki copper surface. 

6. The process of da'im 1 wherein saki step of provid- 
ing a plasma to thereby remove etch residues and 
to clean saki exposed portions of said copper sur- 
face without causing copper to deposit in the skle 
walls of sakJ one more openings further oomprises 
causing a chemical reaction to occur between ions 
in saki plasma and said etch resklues in the bottom 
of said one or more openings formed in saki one or 
nnore layers of saki low dielectric constant insula- 
tion material. 
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7. The process of daim 1 wherein said step of provid- 
ing a plasma to thereby renwve etch residues and 
to dean said exposed portions of said copper sur- 
face without causing copper to deposit in the side 
walls of said one niore openings fonmed in said one 5 
or more layers of said low dielectric constant insula- 12. 
tion material is preceded by a step of passivation, 
wherein said passivation step comprises treating 
the sidewalls of said one or more openings with a 
plasma selected from the group consisting of nitro- w 
gen plasma, oxygen plasma, and a corriiination of 
nitrogen arxi oxygen plasmas. 

8. The process of daim 1 wherein said step of provid- 
ing a plasma to thereby remme etch residues and is 
to clean said exposed portions of said copper sur- 
face without causing copper to deposit in the side 
walls of said one wore openings formed in said one 1 3. 
or more layers of said low dielectric constant insula- 
tion material, is preceded by a step of repair. 20 
wherein said repair step comprises treating the 
sidewalls of said one or more openings with a 
hydrogen plasma, without applying a bias to said 
sut>6trate. 

25 

9. A process for removing etch residues from one or 
more openings formed in one or more layers of a 
low dielectric constant insulation material over a 
copper metal interconnect layer of an integrated dr- 
cuit structure being formed on a semiconductor 30 
sut>strate which includes deaning exposed portions 
of the surface of said copper interconnect layer at 
the t>ottom of said one or more openings, said proc- 
ess comprising providing an anisotropic hydrogen 
plasma to cause a chemical reaction t>etween ions 35 
in the plasma and the etch residues in the tx)ttom of 
said one or more openings, including copper oxide 
on said exposed copper surface, to thereby clean 
said exposed portions of said copper surface and to 
remove said etch residues without sputtering the 40 
copper at the txittom of said one or more openings. 



10. The process of daim 9 which further includes 
applying a bias to said sitetrate to provide said ani- 
sotropic hydrogen plasma which reaches to the tx)t- 45 
tom of said one or more openings formed in said 
one or nnore layers of said low dieledric constant 
insulation material adjacent said copper surface. 

11. The process of claim 9 wherein said step of provid- so 
ing an anisotropic hydrogen plasma to thereby 
renrKsve etch residues and to dean said exposed 
portions of said copper surface without causing 
copper to deposit in the side walls of said one more 
openings formed in said one or more layers of said ss 
low dielectric constant insulation material is pre- 
ceded by a step of passivation, wherein said passi- 
vation step comprises treating the sidewalls of said 



one or more openings with a plasma selected from 
the group consisting of nitrogen plasma, oxygen 
plasma, and a combination of nitrogen arxJ oxygen 
plasmas. 

The process of daim 9 wherein said step of provid- 
ing an anisotropic hydrogen plasma to thereby 
remove etch residues and to cl^n said exposed 
portions of said copper surface without causing 
copper to deposit in the side walls of said one more 
openings formed in said one or nrx>re layers of said 
low dielectric constant insulation material is pre- 
ceded by a step of repair, wherein said repair step 
conprises treating the sidewalls of said one or 
more openings with a hydrogen plasma, without 
applying a bias to said sulsstrate. 

. A process for removing etch residues from one or 
more openings formed in one or rrK3re layers of a 
low dielectric constant insulation material over a 
copper metal interconnect layer of an integrated dr- 
cuit strudure substrate which irKludes cleaning 
exposed portions of the surface of said copper 
interconnect layer at the bottom of said one or nK>re 
openings formed in said one or more layers of said 
low dielectric constant insulation material, said 
process comprising: 

a) providing an anisotropic hydrogen plasma to 
cause a chemical reaction between ions in the 
plasma and the etch residues in the bottom of 
said one or more openings formed in said one 
or more layers of said low dielectric constant 
insulation material, induding copper oxide on 
said exposed copper surface, to thereby dean 
said exposed portions of said copper surface 
and to remove said etch residues without sput- 
tering the copper at the t>ottom of said one or 
more openings; and 

b) applying a negative bias, ranging from about 
-200 volts to about -400 volts, to said sut)strate 
to urge said anisotropic hydrogen plasma to 
reach the txntom of said one or more openings 
adjacent said copper surface. 

14. The process of daim 13 wherein said step of pro- 
viding an anisotropic hydrogen plasma to thereby 
remove etch residues and to clean said exposed 
portions of said copper surface without causing 
copper to deposit in the side walls of said one more 
openings formed in said one or more layers of said 
low dielectric constant insulation material, is pre- 
ceded by a step of passivation, wherein said passi- 
vation step comprises treating the sidewalls of said 
one or more openings with a plasma selected from 
the group consisting of nitrogen plasma, oxygen 
plasma, and a contbination of nitrogen and oxygen 
plasmas. 
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15. The process of claim 13 wherein said step of pro- 
viding an anisotropic hydrogen plasma to thereby 
remove etch residues and to dean said exposed 
portions of said copper surface without causing 
copper to deposit in the side walte of said one nrK>re 5 
openings formed in said one or more layers of said 
low dielectric constant insulation material. Is pre- 
ceded by a step of repair, wherein said repair step 
comprises treating the sidewalls of said one or 
more openings with a hydrogen plasma, without 10 
applying a bias to said 8ut>strate. 

16. The process of claim 13 wherein said step of pro- 
viding an anisotropic fiydrogen plasma to thereby 
remove etch residues and to dean said exposed is 
portions of said copper surface without causing 
copper to deposit in the side walls of said one more 
openings formed in said one or more layers of said 
low dielectric constant insulation nnaterial, is fol- 
lowed by a step of physical vapor deposition to form so 
a via liner on at least the sidewalls of said one or 
more openings. 

17. The process of daim 16 wherein said step of phys- 
ical vapor deposition to form a via liner on at least 2S 
the sidewalls of said one or more openings formed 

in said one or more layers of said low dielectric con- 
stant insulation material further comprises deposit- 
ing tantalum on at least the sidewalls of said one or 
more openings. 30 



35 



40 



45 
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